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INTRODUCTION 


Commercial production of synthetic rubber in the United States became 2 
reality in 1931 when E. I. duPont de Nemours, Inc., announced the manu- 
facture of Duprene, a synthetic rubber made by polymerizing chloroprene. 
Duprene was later improved and reintroduced as neoprene. Since 1931 other 
synthetic rubbers and rubbérlike matcrials have been announced and are now 
produced commercially or are in the pilot-plant stage in the United States. 
These include ‘Thiokol, Euna S, Perbunan, Koroseal, Vistanex, Flamenol, 
Ameripol or Hycar, Chemigum, Butyl rubber, and Flexon. None of these is 
synthetic rubber in the strict chemical meaning of the word synthetic, as 
none is identical in chemical structure with natural rubber. However, all 
possess some of the physical properties of natural rubber, and in addition 
usually have some outstanding property not found in natural rubber that maxes 
them superior for certain uses. Because of these superior qualitites, a con- 
siderable demand hed arisen for synthetic rubbers befcre the present emer- 
gency, although the price was several times that of natural rubber. 
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synthetic-rubber production in other countries began about 1934. The 
rubbers that have been announced include the Buna rubbers, Cppanol, and 
Perduran in Germany, SKA, SKB, and Sovprene in Russia, Ker in Poland, 
Ethanite in Belgium, Mustone and Thionite in Javan, and Vulcaplas in England. 
Methyl rubber, now of historic interest only, was produced in Germany during 
the first World War. In some of these countries, particularly Germany and 
Russia, the manufacture cf synthetic rubber was not prompted by its superior 
qualities, but was part of their program of economic selfsufficiency. 


The influence cf the present war on the rubber situation in the United 
states is too well known to be recounted. It is sufficient to say that demand 
for synthetic rubber in the United States no longer depends on its superiority 
for particular uses but is based upon economic and military necessity. For 
this reason the synthetic-rubber production program has been enlarged from 
actual production of 17,000 lone tons in 1941 (all types) to a planned annual 
production of approximately 900,000 tons. Further, the new program has been 
frozen to include only those types that will best satisfy immediate war and 
economic needs. ‘These, according to the recommendations of the Baruch 
committee, are Neoprene (60,000 tons), Butyl rubber (182,000 tons), Buna S 
(645,000 tons), and Thiokol (60,000 tons). 


The purpose of this paper is to catalocue for quick reference general 
information taken from technical journals regarding the chemistry and physical 
properties of the synthetic rubbers produced commercially in the United States 
and other countries. 


ACKNOWLEDGMENTS 


This paper was prepared under the general supervision of R. A. Cattell, 
chief, Petroleum and Natural Gas Division, Bureau of Mines, Washington, . 
D. C., and under the immediate direction of N. A. C. Smith, supervising engl- 
neer, Fetroleum Experiment Station, Bartlesville, Okla. The writer is in- 
icbted to Mr. Smith and to A. J. Kraemer, R. V. Smith, C. C. Ward, and other 
members of the Bureau of Mines staff for their helpful suggestions and assist- 
ence in prep2ring the report. Especial thanks are extended to the Research 
Division of the Phillips Petroleum Co. for its courtesy in permitting use of its 
‘echnical library; to Gustav Egloff and the Universal Oil Products Co., who 
sipolied the translations of articles from the Russian literature, and to M. R. 
‘fandelbaum, of the Refining Division, Petroleum Administration for War, 

who reviewed the manuscript. 


LITERATURE ON SYNTHETIC RUEBER 


The literature on synthetic rubber is voluminous, comprising a thousand 
cr raore articles, most of them in American, English, German, or Russian 
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journals. Russian journals alone contained more than 300 articles dealing 
particularly with the sodium divinyl rubber manufactured in the U.S. 5. R. 

The volume of American literature on synthetic rubber has increased 
tremendously within the past few years, particularly since synthetic rubber 
has becoine nationally important. Within the last few months several journals 
have devoted issues exclusively to the subject, among them Industrial and 
Engineering Chemistry for November 1942, Oil and Gas Journal for November 
26, 1942, and Fetroleum Refiner, October 1942. Much of the literature ccn- 
sists of reviews, semitechnical or popular articles, general descriptions of 

a single variety of synthetic rubber or of some specific property of this variez, 
or vague and incompiete discussions and repetitive articles lacking factual 
data. Several of the reviews are considered outstanding, as are some of the 
articles dealing with a single variety. Many of the articles nave been sponser 
by manufacturers of particular varieties and presumably contain the most 
authoritative information concerning them. 


Detailed descriptions of actual polymerization operations are not 
numerous. An exchange of data regarding these methods between interested 
manufacturers has been effected under the rubber-production program, but 
not much has been published as yet. A considerable amount of patent litera- 
ture is available, abstracts of which have been summarized by Voge, 
Marchionna,3/ and others. 


A short list of selected articles by leaders in this and allied fields is 
appended to this paper. These and others not listed were of considerable vaius 
to the writer in assembling data for this report. There are many other worth- 
while articles, of course, and the reader’s attention is directed particularly to 
the special issues mentioned hereintefore. 


CHEMICAL CLASSIFICATION OF SYNTHETIC RUBBERS 


Early attempts to synthesize rubber were directed toward development 
of a product that would chemically and physically duplicate natural rubber 
and could thus be truly designated by the term “‘synthetic’’. This approach 
to the problem was abandoned, however, and further research was directed 
toward production of substances of any chemical nature that could replace 
natural rubber. In those countries where economic selfsufficiency has promets. 
such research, the effort has been to find substances to replace natural rucner 
at the lowest possible cost. In the United States this search has been directed 
toward production of materials definitely superior in some manner to natural 
rubber. The interchange of ideas before the present war, through patents 
and otherwise, resulted in the manufacture of similar synthetic rubbers in 
the various countries. Thus Vistanex, made in the United States, is similar 


38/ See bibliography at end of paper. 


93917 -~4- 


Google 


ToC 7242 


to Oppanol, which was first made by I. G. Farbenindustrie in Germany; and 
the Buna-type rubbers made in the United St2tes also were developed in 
Germany and manufacturec here through patent-right exchanges. 


Chemically, the synthetic rubbers mey be divided into several types. 
Several schemes are used, and various nomenclatures have been suyzeested. 
The tyoes announced to date include the following: | 


Butadicne polymers and copolymers 
(all the Buna-type rubbers, Ameripol or Hycar, Chemigum, 
SKA and SKB or the Russian Divinyl rubbers, and Ker). 


wubstituted butadiene polymsrs : 
(chloroprene nolymers: Neoprene, Mustone, and Sovprene; 
dimethyl-butadiene nolymers; methyl rubber; isoprene 
polymers: includes natural rubber). 


Butene polymers and copolymers 
(Vistanex, Oppanol, butyl rubber, and Flexon). 


Organic polysulfides 
(Thiokol, Thionite, Vulcaplas, and Ferduren). 


Plasticized vinyl chloride polymers 
(Koroseal and Flamenol). 


Another system of classification proposed by Fisher suggests a new 
nomenclature in which synthetic rubbers and rubberlike materials are called 
‘fslastomers,’’ and the term “‘plastomer’’ is used for the true thermoplastics 
and thermosctting plastics. Elastomers are further divided into clastoprenes, 
elastclenes, elastothiomers, and clastoplastics. ‘The elastoprenes include the 
butadiene and piperylene rubbers (no piperylene rubbers are manufactured 
commercially) and the substituted butadiene rubbers, including isoprene, 
dimethylbutadiene, and haloprene. The elastolenes include the polymers of 
the isobutenes, and the elastothiomers are the organic polysulfides, whereas 
the term ‘‘elastoplastics’’ is applied to the plastics with rubberlike properties, 
including plasticized vinyl chloride polymers. This nomenclature has not 
tcen generally accepted, as the term “‘synthctic rubber’’ to describe all 
artificial rubberlike materials has already attained wide use. 
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Physical Properties 


Rubber possesses a peculiar combination of physical properties. Itis 
unusual in its clasticity, flexibility, tensile strength, abrasion resistance, 
impermeabil: oY to l’quids and gases, hysteresis, heat resistance, cnemical 
resistance, aying resistance, dielectric strength, degree of hardness, plasticity 
and adaptability to vulcanization and processing. Improvements in ceaee 
of compounding have enabled rubber technologists to develop to a manimum 
the properties desired for particular purposes. Comparison of natural rucber 
and the various syrithetic rubbe:s with respect to these properties snows that 
each may possess certain qualities favorable for certain purposes. For 
example, elasticity of a synthetic rubber may not equal that of natural rubber, 
but the resistance to chemicals and aging qualities may be so much more 
favorable for a particular use that elesticity may be sacrificed to a certain 
degree. 


RAW MATERIALS FOR PRODUCTION OF CRUDE SYNTHETIC RUPRDER 


Crude synthetic rubber is produced in two steps - first, the raw r 2teria 
for polymerization, and second, the actual polymerization op2ration. e 13 
principal raw materials for polymerization, in the case of butadiene pe_ym=rs 
and copolymers, consist of butadiene, styrene, and acrylonitriie. The un- 
polymerized unit of Neoprene and Sovprene is chloroprene or 2-chloro-l, 
butadiene; of ee rubber is dimethylbutadiene; and of natural rubber the 
unpolymerin.! unit is isoprene. The butene polymers, Vistanex and Oy panol, 
require fog lere for manufacture, whereas the copolymers, Butyl ruvber 
and Flexon, require isobutylene, together with a diolefin such as butadiene or 
isoprene. ‘The organic polysulfides are reaction products between an alkali 
polysulfide and an organic dihalide, whereas the plasticized vinyl chioride 
polymers require vinyl chloride and a plasticizing agent such as tricresyl 
phosphate. 


Butediene (HoC=CH-CH=CH2) 


Butadiene is the most important of the raw materials for synthetic rubber 
under the present production program. It may be made by many methods 
from a numb-cr of basic materials. A series of articles by Hgloff and Tulls, 
presenting 2 complete Sumumery of known butadicne sources, appeared in 
the Oil and Gas Journal of November 5, 1942 and subsequent issues. ‘The 
present commercial sources of butadiene are petroleum and petroleum gases 
coal or coke and limestone, ethyl alcohol, and butylene glycol made by srecis. 
fermentation of grain. 
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Butadiene from petroleum or petroleum products or gases may be 
Obtained in several ways, among which are the following: 


1. Thermal cracking of petroleum fractions at a high temperature. 


2. Direct catalytic dehydrogenation of normal butane or of butanes and 
butenes produced by cracking. 


3. From acetylene formed by pyrolysis of natural gas. 


4. From alcohol manufactured from ethylene obtained as a byproduct 
in cracking petroleum or by dehydrogenation of ethane. 


In Germany, butadiene is made from coke and limestone in the following 
steps: Coke and lime y calcium carbide > acetylene > acetalde- 
hyde > aldol > butylene glycol > butadiene. Butadiene may 
2iso be made from acetylene by conversion to vinylacetylene and hydrogenation 
to butadiene. 


Butadiene production from grain or vegetable products involves pre- 
liminary fermentation to obtain alcohol, which is converted to butadiene in 
one of several ways involving dehydration and dehydrogenation. In Russia, 
this is accomplished in one step by use of a special catalyst, whereas the 
process uscd in the United States has two steps and that used by the Germans 
has four steps. 


Butadiene can also be made from grain by a special fermentation process 
that produces butylene glycol, which is dehydrated to give butadiene. 


Styrene (CaHsaCH=CHy) 


Styrene has been manufactured for some time for use in the plastics 
industry, hence, the principles involved in its production are well known. The 
most common method consists of catalytically dahydrorenating ethyl benzene 
produced from benzene and ethylene cr ethyl alcchol. Styrene niay also be 
produced by high-ternverature cracking of petrcleum, but subsequent scpa- 
ration is ditficult. 


Acrylonitrile (HeC=CHC=N) 
Acrylonitrile is made by treating ethylene with hypochlorous acid to give 


ethylene chlorohydrin, which reacts with sodium cyanide to give hydracrylic 
ritrile, from which acrylonitrile is obteined by uchydvation. 
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Chloroprene (HpC=CH-CCl=CHp) 


Calcium carbide, made from lime and coke in a high-temperature ci-cirk 
furnace, gives acctylene when treated with water. Vinylacetylene, forim<ed Ly 
polymerization of two molecules of acetylene, is treated with hydrochloric 
acid to give chloroprene. 

2 CH, 


Isoprene (HoC=CH=C=CHp) 


Except for possible use in Butyl rubber as the diolefin to furnish the 
required unsaturation, production of isoprene has at present no significances 
in the synthetic-rukber industry. 


Isoprene is 2 product of destructive distillation of natural rubber, end 
is also formed synthetically in small emounts in petroleum cracking. fro- 
cesses have been developed that use coal tar, starch, turpentine, calcium 
carbide, or petroleum products as starting materials. 


HC Clg 
Dimethylbutadiene (HgC= C C=CH.. 9) 


Dimethylbutadiene is the basic matcrial for methyl rubber and is now 
historic interest only. It was made by the Ger mans during World Was Ifrom 
acetone obtained from calcium carbide. 


Gig 
Isobutylene (HoC= or -CH3) 


Isobutylene is the principal ingredient in the manufacture of Butyl rubber 
and also is an important material in the manufacture of high-octane gasoline. 
This hydrocarbon is present in large quantities in gases from refinery 
cracking overations, and it may be made by dehydrogenation of isobutane, 
which is obtained from natural gases or from isomerization of normal butane. 


| Alkali Polysulfides and Organic Dihalides 


The alkali polysulfides used in Thioxoland the like are made from sulfur 
and alkali. The organic dihalides are made by halogenation of organic produc: 
usually obtained from petroleum. For example, ethylene dichloride is made 
by chlorination of the olefin from cracked gas with chlorine obtained from s7lt. 


Vinyl chloride (E9C=CHCl) 


Vinyl chloride is produced commercially by any of thRee methods - (1) 
catalytic combination of acetylene and hydrogen chloride (&) chlorination of 
ethylene to ethylene dichloride and partial dehydrohalogenation by trestment 
with alcoholic caustic, or (8) by vapor-cracking ethylene dichloride. 
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DEoCRinTlon OF PAOPE RT iss OF THE 
INOIVIDGAt pYNTERE TIC RURBERS 


The syntactic rubbers rmanutectured inthe United Stutes and other 
countries are listed below under their trade names, toecther with abstracts 
of general information regarding their structure, manufacture, and physical 
proverties the writer was able to gather from the literature. There are, 
of course, other possible synthetic rubbers not yet mads commercially, 
such as piperylene rubber, which has been made in the laboratory. Rubber- 
lixe materials also have been made from such primary materials as soybean 
Oil or lactic acid, but little information is available regarding thcir chemistry 
or rnamifacture. Commercial production of one such material, Agripol, has 
been announced recently, and its description is included in the abstracts 
below. 


Systematic research doubtless will reveal raany other materials that may 
be superior to and involve less complicated manufacturing procedure than 
those synthetic rubbers now known. 

Euneoo 

Type: -Polymcrized butadiene. 

Structure: [-CH9-CH=CH-Cip-] ,. 

Manufecturer: I. G. Farbenindustric, Germany. 


Date announced (first available reference): 1935. 


Frescent statis of manufacture: In 1940, Buna 85 was listed as being 
made cnly ona small scale for use in making hard rubber. 


Metnod of synthesis: Folymcrization of butadiene in the presence of 
sodium metal. 


Raw materials: Butadiene. 

Source of raw materials: Cok2 and lime. (See Butadiene.) 

Muthod of vulcanizing: Same as natural rubber. 

Method of processing: Soft, plastic, end easily workable on regular 


rubber mechinery. 
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summery of propertics: 
Relatively low molecular weight. 
Lower than netural rubber in tensile strenrth and elasticity. 
Behaves like natural rubber in org anic swelling agents. 
Abrasion resistance about the same as natural EunD Er 
mlectrical propertics superior to natural eben, 
Aging oropertics better than natural ruboer. 
Heat resistance equal or superior to natural rubber 
specially adapted to manufacture of hard rubber because 
of high therme] softening point 2nd extraordinary chemical resistance 
of its hard-rubber vulcanizates, which, however, ere more brittle 
than hard, natural rubber. 
Bune 115 
Type: Polymerized butadiene. 


structure: Same 2s Buna €5, excent for higher molecular weight or 
degree of polymerization. | 


Manufacturer: I. G. Farbenindustrie, Germiuny. 

Date announced (first available reference): 1925. 

Present status of manufacture: In the 1940 article by Koch (sec 
bibliography) relating to synthetic rubbcors meade by IL G. Farbenindustrie, 
Buna 115 is not listed. 


Raw materials and source: Sarne as Funea 8d. 


Method of vulcanizing and compounding: Same as natural rubber; 
plastic and easily processed. 


Discussion of properties: Froperties of Buna 115 are generally similar 
to those of Euna 65, except that the difference in molecular weight alters them 


somewhat, as, for examnie, abrasion resistance is listed as slichtiy better 
than in netural rubber or Euna 85, although poorer than in Buna 8 or Buna N. 
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Buna § 
Type: Copolymerized butadiene and styrene. 


| | 
Structure: [(-CHp9-CH=CH-CHo)y-CHo-CHCeHs] 3 

Manufacturer: I. G. Farbenindustrie, Germany. Ctandard Oil Co. of 
New Jersey, and other companies operating under Standard Oil Co. patent 
licenses and under the direction of the War Preducticn Board. 


Date announced (first available reference): 1935. 
Method of synthesis: Copolymerization in aqueous ernulsion. 


Fresent status of manufacture: Buna S has been made in large quantities 
in Germany since 19386 as a general substitute for rubber, particularly in 
automobile tires. Standard Oil Co. and Firestone Tire & Rubber Co. already 
have been manufacturing it in the United States, although only 4,000 long tons 
of Buna types were made here in 1941. Under present plans it is now to be 
manufactured by a number of companies on a large scale for use in tires and 
as a general substitute for natural rubber. Under the present program an 
annual production of 705,000 tons is planned, and the Earuch Committee has 
recommended that this be increased to 845,000 tons. | 


Raw Materials: Butadiene and styrene. 
Source of raw materials: See Butadiene and styrene. 
Method of vulcanizing: Sarne as natural rubber. 


Method of processing: Flasticized by carefully controlled hot-air 
treatment. 


Discussion of properties and uses: In literature inspired by I. G. 
Farbenindustrie, it is stated that Buna S is by no means to be considered a 
rnere substitute for natural rubber as it constitutes such an improvement in 
heat resistance and abrasion resistance, and it is claimed that automobile 
tires made of it show 85 percent better wear than naturel-rubber tires. 


In general, the properties of Buna S are very similar to those of natural 
rubber, and the swelling characteristics in gasoline and-rineral oil are but 
little better than those of natural rubber. Water absorovtion is only 65 percent 
that of natural rubber, and aging qualities are considered superior. It is useful 
for coverings in the cable industry because cf the last-named qualities. 
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Buna 8 is now rnade in larger quantities tnan any other synthetic rubber 
for use in automobile tires and gensrai replacement for natural rubber. 


Buna $6 (formerly Levulkan) 
Type: Corclymerized butadiene and styrenc. 


Structure: Same as Buna 8, except that the vroportion of styrene is 
rreater. 


Manufacturer: I. G. Farbenindustrie, Germany. 

Date of first availabie reference: 1955. 

resent status of menufactur2: Buna SS is not mentioned in the April 
1940 article by Koch but ig mentioned in ar ticle of September 1940 ty 
Gartner (see bibliovraniy),. 

Method of syntnesis: Same as Euna 5S. 

Raw materials and source: Same cs una §. 

Method cf processing and vulcanizing: Same as Euna 8. 

Discussion of properties: Runa 8S differs from Buna 8 in the provortion 
of styrene used. Some data showing the effect of this difference on the 
properties anplied particularly tc thea manufacture of hard rubber linings 
are given in the article by Gartner mentioned above. Buna SS is said to 
possess qualities that make it especisily faverable as an insulation for cable. 

Ferbunan (formerly Buna N) 

Type: Copolymerizcd butadiene and acrylonitrile. 

| 

otructure: [-(CHo-CH=CH-CHs),, -CHo-CHC=! N-] y" 

Manufacturers: J. G. Farbenindustrie, Germany; Standard Oil Co. of 
New Jersey, Firestone Tire & Rubber Cc., and other ccmpanies licensed by 
Standard. 


Date announced: About 1985. 


Date of first available reference: 1950, - 
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Present status of manufacture: First made in Germany. Fatent rights 
in America held by Standard Oil Co. of New Jersey. Fresent production 
ficures not available. 


wethod of synthesis: Copolymerization of butadiene and acrylonitrile 
in aqueous emulsion. 


Raw materials: Butadiene and acrylonitrile. 
source of raw materials: See Eutadiene and Acrylonitrile. 
Method of vulcanizing: Like natural rubber. 


Method of processing: Ferbunan cannct be plasticized like Buna 85 with 
hot air and does not break down completely on long mastication. Softeners 
are necessary tc increase elasticity, tack, and assist in extruding. Addition, 
of natural rubber, up to 20 percent, improves working qualities without 
noticeably changing swelling characteristics. Ferbunan is much tougher and 
more ditficult to process than natural rubber. It generates more heat in 
railling, is less thermoplastic, but has a tendency to harden at higher term- 
peratures, and its plasticity is less pronounced during mastication than is 
natural rubber. 


Discussion of physical properties: A primary property of Perbunean is 
its resistance to gasoline, petroleum, and aliphatic hydrocarbons. However, 
it is soluble in aromatic and chlorinated hydrocarbons such 2s benzol, toluol, 
solvent napntha, di- and tri-chlorethylene, and in certain ketones. 


Aging qualities and resistance to ozone are said to be superior to those of 
natural rubber, but elasticity, rebound, and electrical properties are poorer. 
Because of its poor electrical properties, Ferbunan is not used as electrical 
insulation. In heat resistance and abrasion resistance it surpasses natural 
rubber and is less than half as permeable to air and gases. Hard compounds 
riaade from Perbunan have high softening points and superior solvent resistance. 
The specific gravity of Perbdunan is 0.96, and the nitrogen content is about 7 
percent. Like natural rubber, Perbunan wiil burn, but it can be made non- 
inflammable by adding suitable chlorine-containing materials. 


Ferbunan finds greatest use where its oil-resistant qualities are needed - 
oil-resistant packing rings, gaskets, printing rolls, gasoline hose, hose for 
Spraying paint, cable covers, conveyor belts, and the like. Although Perbunan 
tread compounds are said to be equal or superior to the best rubber tread 
compounds, its use in tires is not of commercial importance, as other 


synthetics easier to process and fabricate are considered economically more 
suitable for that purpose. 
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Perbunan Extra 
Type: Copclymerized butadiene and acrylonitrile. 


Structure: Same as Perbunan, except that the acrylonitrile content is 
creater. 


Manufacturers: I. G. Farbenindustrie, Germany; Standard Oil Co. of 
New Jersey, Firestene Tire and Rubber Co., and other companies licensed 
by Standard. 


Date announced (first available reference): 1929. 


Present status of manufacture: Fatent rights in America held by 
standard Oil Co. Present production figures not available. 


Method of synthesis: Copolymerization of butadiene and acrylonitrile 
in aqueous emulsion. | 


Raw materials and source: Same as Perbunan. 

Method of vulcanizing: Like natural rubber. 

Method of processing: Perbunan and Perbunan Extra are both more 
difficult to miil, as described under Ferbunan. However, Perbunan Extra 
is said to break down more readily and mill more easily than Perbunan. 

Discussion of properties: Perbunan Extra is more resistant to oil 
than Perbunan because of the extra acrylonitrile. However, the general 
properties are like those of Perbunan, except that the vulcanizates are less 
elastic, and higher tensile values are obtained without carbon black. The 
specific gravity is 0.97, and the nitrogen content is 9 to 10 percent. 

SKA and SKB (Russian Sodium Divinyl Rubber) 

Type: Butadiene polymer. 

structure: [-CHo-CH=CH-CHo-] x 
Manufacturer: Made in U.S. 5S. R. 

Date announced: Manufacture of SK synthetic rubber using butadiene 


made from alcohol was begun in 1931. 
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Method of synthesis: Frevious to 1935, polymerization of liquid butadiene 
was effected under pressure at 50° C. in enclosed vessels containing sodium- 
covered steel rods. A rodless method was introduced in 1985 in which the 
voly merization takes place in a gaseous instead of a liquid state. 


Raw materials and source: Butadiene for the synthetic rubber SKA is 
ootained from petroleum, and for SKB from alcohol made from potatoes 
end other agricultural products. Because of Russian economic conditions, 
the vorincipal production is from alcohol. 


Present status of production: Production of more than 20,000 tons of 
SK synthetic rubber in 1935 was claimed, and a planned annual production of 
90,000 tons by the end of 1937 was said to have been exceeded. An expanded 
program was included in the ‘third five-year plan,’’ 1988 through 1942, but 
because of the war the results of this program have not been disclosed. 


Discussion: The Russian sodium divinyl, or SK, synthetic rubber is 
Similar in chemical structure to the German numbered Buna rubbers. The 
designations “‘A’’ and “‘B’’ refer to the source of the butadiene used for 
polymerization rather than to differences in the rubber produced. 


SK rubber is made in several grades by varying the conditions of poly- 
rnerization. Some grades are easier processed than natural rubber. 
Mechanical properties of pure-gum stocks are developed, as with other 
synthetic rubbers, by compounding with fillers and vulcanization and compare 
favorably with Perbunen and Buna S. SK is not oil- or solvent-resistant but 
resists oxidation to a great extent. It is said to be lacking in building tack, 
although several successful methods of overcoming this have been developed. 
It finds considerable use in rubber footwear as well as in tires. When used 
in tires, it is said to give wear in actual road service only 15 percent less 
tran Similarly compounded tires of natural rubber. 


Ker 


Discussion: Ker is listed by “Wood (See bibliography) as a butadiene 
rolymer made by Stomil Co. in Poland. 


Hycar O R (Ameripol) 
Type: Butadicne copolymer.’ 


Structure: Not announced. Said to be a conolymer of butadiene and 
acrylonitrile similar to Perbunan. Two distinct types made. See below 
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Manniacturer: Hydrocarbon Chemical & Research Co. (Hycar Chemical 
Co.), 2 firm owned jointly by Phillips Petroleum Co. and B. F. Gooarich C 


Date announced: 1940. 


-rosent status of manufacture: Filot nlant completed in 1989 with 
capacity of 100 pounds ner day. A nlant having a capacity of 2,000 lon=z tons 
aycar wos constructed in 1940. Fresent production figures not availebis. 


Raw materials and source: Butadiene is made from petroleum. 
See Butadienc. Source or nature of copolymer not announced. 


Method of nolymerization: Folymerizcd under pressure in emulsion wiz 
soap and water. 


Method of vulcanization: Like natural rubber, except less sulfur and 
more nccelerator required. 


Method of processing and compounding: Hycar is tough and does not 
break down on a mill to the extent natural rubber does, and more softener 
is required. Figrents have the sarne relative effect as with rubber. 


Discussion of proocrties: Two distinct types of butadiene copolymer 
synthetic ru»ber are said to be made by the Hycar Chemical Co., both of whics 
are marketed under the trade name Ameripol. One is a rubber suitat_e for 
tire manufacture, and the other is @ special oll-resistant rubber. 


Properties of Ameripol, such as tensile strength and elesticity, are sale 
to vary over a wide range according to the method of compounding. iicximum 
tensile strencth is obtained with channel black loading. A tensile strencth ur 
to 4,000 pounds and 600 percent elongation may be obtained. Good he2t ana 
abrasion resistance are claimed, and superior resistance to mineral, cnimcl, 
and vegetable oils and fats, to oxidizing effects of metallic soaps uscd 2s 
driers in paints and inks, to all petroleum products, and to benzene, alconcl, 
water, and carbon tetrachloride, although it is badly swolicn by acetons. Is 
are resistance is superior to that of natural rubber, and its resistance to aciss 
and alkalics is about the same. Elasticity, tear resistance, and rebound ers 
lower then for similerly compounded natural rubber. Hardness may be vavicd 
over a wide range. It becomes stiffer than netural rubber at subfrcezing 
temperatures but is reported to be still flcxible at -50° C. Resistance to 
oxidation and decomvosition when exposed to heat is said to be excellent, ani 
it is less permeable to air and gases than is natural rubber. 


Oil-resistant products made from it include gasoline hose, 2utormobiie 
and acroplane parts, packing joints and valves, lining for bullet-proof g2sqre 
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tanks, printing rollers, and the like. Tires of Ameripol are said to be slightly 
Superior to tires made of naturel rubber compounds in abrasive resistance, 
and are far superior in the presence of oils anda high temperatures. 


The synthetic is used to produce a hard rubber compound, “‘Ebonar,”’ 
which is said to have an outstanding advantage over hard natural rubber as 
a softening point 100° F. higher is obtainable. 


Chemigum 
Type: Butadiene copolymer. 


Structure: Not announced but said to be a copolymer of butadiene and 
acrylonitrile similar to Ferbunan. 


Manuf.cturer: Goodyear Tire & Ruboer Co. 
Date announccd: 1940. 


Present status of manufacture: When announced in 1940, it was stated 
that Chemigum had been developed and produced in laboratory and pilot plant 
for 3 years and that a new plant with an initial capacity of 10,000 pounds per 
dey wes being crected. No recent figures on its production are available. 


Method of production: Not disclosed. 


Raw meterials and source: Said to be made of butadiene and acrylonitrile. 
As announced, Chemigum is derived from petroleum through a cracking 
process. 


Method of vulcanization: Like natural rubber. 


Method of processing: Said to process more easily than Buna on equipment 
and by methods used for natural rubber. Tends to be soft and plastic when 
warm. Mixes well with natural rubber. 


Discussion of properties: Svecific gravity, 1.06. A Buna-type synthetic 
rubber. In physical appearance it resembles the grade of rubber known as 
brown crepe. It has a distinctive, faintly aromatic odor, is tough, and is equal 
or superior to natural rubber in strength, -ging resistance, and resistance to 
sunlight. It is much less soluble in conventional rubber solvents than natural 
rubber, and its oil rcsistance makes it suitable for use in gasoline hose and 
tne like. Tires made of Chemigum are said to give performance equal to or 
exc? ding natural rubber tires. 
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Neonrene (formerly Duprzne) 


Type: Folymerized cnloroprene. 


Structure: [-CHo-C Cl=CH-CHo-] ,. 


Manufacturer: E. I. du Font de Nemours. 


Date announced: 1931. 


Present status of manufacture: 6,500 long tons produced in 1941. Annux 
production of 60,000 tons recommended by Baruch committee. 


Method of synthesis: Made by polymerization of chloroprene in emulsicn 
under carefully controllei conditions. 


Raw materials: Chlorovrene. 


Methcd of vulcanizing and processing: Vulcanized by heat alone, but 
quality of vulcanized products is improved by the use of metallic oxides as 
vulcanization aids. Frocessed like natural rubber. 


Discussion of properties and uses: 


The physical qualities of Neoprene may be modified over a 
wide range by the prover choice of pigments, accelerators, anti- 
oxidants, etc. As with rubber, it is usually necessary to sacrifice 
some properties to develop others. 


Neoprene is made in several tynes. Neoprene type Gisa 
new, improved, relatively odor-free type made by the polymeri- 
zation of chloroprene in emulsion under carefully controlled con- 
ditions. The unvulcanized neoprene is a plastie with considerable 
elasticity, like unvulcanized rubber. It is thermoplastic and formed, 
like rubber, by calendaring, extruding, and moiding at hich tem- 
peratures. 


The vulcanized product is resistant to oils, and althouga 
virtually all animal, veretable, or mineral oils cause it to swell 
somewhat, it usually retains its properties better than rubber. © 
The pure product will not contaminate or alter the properties of 
solvents or refrigerants with which it comes in contact, however 
the compounding ingredients in cornpeunded products may, so it 
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is advisable to manufacture the product according to service require- 
ments. It is slightly less elastic than rubber but is more heat- 
resistant and resists sunlight better. Its loss of properties on 
freezing is greater than with rubber unless oil-soaked or specially 
compounded. Type FR was introduced recently end is said to be 
exceptionally immune to the effect of subzero tenineratures. 


The specific heat (0.52) of Neoprene is the same as that of 
rubber. It has approximately the same tensile strength as has 
Similarly compounded rubber. The abrasion resistance of 
Neoprene tire treads is said to be about equal to that of the best 
rubber tire-tread compounds. Neoprene and rubber show about 
equal abrasion resistance when dry, but Neoprene is many times 
more resistant to abrasion afier having been soaked in oil. 


Neoprene is used for tank linings, reaction vessels, con- 
veyor belts, gaskets, hose for oils, solvents, and gases such as 
chlorine, clothing for acid protection, laboratory tubing, and for 
Similar purnoses. 


povrrene 

Type: Polymerized chlorovrene. 

structure: Same as Neoprene. 

Manufacturer: Mace in U.S. 5. R. 

Discussion: In a cGiscussion of the chemistry of Sovprene, in an article 
by Klebanskii and others translated from the Russian in Rubber Chemistry 
and Technolcosv of Juiy 195, it is shown that Sovprene is a polymer of 
chloroprene. This chlorceprene is made by adding nydrozen chioride to 
monovinyiacetylene procuced from a continuous polymerization ci acetylene. 

t was stated that the successful production of Sovprene was reported in 
November 19282. 

The writer was unable to find articles dealing with the physical properties 
of Sovprene. In reviews in which it is mentioned it is assumed to be generally 
like Neoprene. 


Type: Polymerized chloroprene. 
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Discussion: Mustone is listed by Wood (see bibliography) as a chloro- 
prene polymer made by Uimeno Institute in Javan. He refers to an article by 
W. J. S. Nauton, Synthetic Rubber, in Annual Report on Progress of Rubber 
Technology, vol. 1, 1937, p. 35, vol. 2, 1958, p. 31; and vol. 3, 1989, p. 39. 


Methyl rubber 
Type: Substihbited butadiene polymer. 


Structure: [-CHp-C CH3=C CH3-CH»-] ,. 
Manufacturers: Bayer & Co., Germany (H and W); Badische Anilin und 
soda Fabrik, Germany (B). 


Feriod of manufacture: Made in Germany curing first World War, 
1914-18; 2,350 tons vroduced. 


Method of synthesis: Polymerization of 2,5 dimethylbutadiene conducted 
J 9 y 

at room temperature to give methyl rubber E or at a higner temrerature 

to give methyl rubber VW. 


Methyl rubber B was polymeriz2d by means of metallic sodium 
in an atmosphere of carbon dicxide. 


Present status of production: Froduction was discontinued at the close 
of the war (1918) because of the cost of the product (80 marks a kilogram). 


Raw materials: 2,3 dimethylbutadiene. 


source of raw materials: Dimethylbutadiene was produced from acetone, 
which was made from calcium carbide. 


Method of vulcanizing: Like natural rubber. 
‘ 
Method of processing and compounding: In general, metnods cf process- 
ing were Similar to those used at the time with natural rubber, except that 
it was necessary to add swelling agents or elasticators to increase plasticity. 
At that time, however, modern methods of compounding natural rubber with 
carbon black and the like were not known. 


Discussion of properties and uses: Methyl rubber H was insoluble 
in rubber solvents and was used chiefly in tne manufacture of hard rubber for 
accumulator boxes, battery separators, marneto disks, and the like. It haa 
low plasticity ana poor adhesive qualities and was not casily milled, althouch 
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it was used also for insulating wire, and by the spring of 1918 was used in 
manufacturing tires to some extent. Its use in tires was somewhat unsatisfac- 
tcry as it was hard and inelastic at ordinury temperatures, and fietiened 
under rressure in cold weatner, so thet it was necessary to jack trucks 
eauicred with tires made of it. Wear on methyl-rubber tires was found to be 
different from that on naturel-rubber tires, in that pieces of them were ripved 
or broken off. 


Methyl rubber B was more suitable for wire insulation than eltner 
H or W, and was more easily milled than H but did not give stron::2r 
vulcanized products. W was soluble in rubber sclvents and was 
used successfully in high-pressure packing, in other rubber- 
asbestos goods, in balloon fabric, and as insulation for submarine 
cebles and ordinary wire. 


As mentioned above, failure of methyl rubber as a substitute 
for natural rubber is attributed to lack of an understanding of corn- 
pounding as much as to the character of the rubber itself. 


Vistanex 
Type: Polvmerized isobutylene. 


Structure: [-CHo-C(CH3)o-] 


xx 


Manufacturer: Standard Oil Co. of N. J.; Advance Solvents & Chemical 
Corporation. 


Dete announced: 1°87. 

i-resent status of manufacture: Data not available. 

Method of synthesis; Isobutylene polymerized at low temperatur:s with 
catalysts of an acidic nature, such as titanium tetrachloride, boron flucride, 
and aluminurn chloride. 

Raw materials and source: Isobutylene from cracking of petroleum. 

Method of vulcanizing: Cannct be vulcanized. 

Discussion of properties and uses: Vistanex (and Oppanol) possess<s 
unique qualities owing to its lack cf unsaturation. It exhibits extreme 
resistance to ozone, acids, alkalies, and corrosive salts and has excellent 


2eing properties, cspecially at high temperatures. Its water-absorpticn 
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and vapor-p2rmeability properties are extremely low. It is resistant to 
most vegetable and animal fats, oils, and greases, and is insoiuble in alcors, 
esters, ketones, and most organic solvents containing oxygen; but it is solubl: 
in petroleum ana coal-tar solvents anc in some chlorinated solvents. It 3s 
excellent electrical properties. It is less thermoplastic, and the degradation 
or breakdown by mechanical milline or mixing is less than for natural rubter. 


Vistanex is used in the manufacture of cable sheathing, acid- 


resistant linings, electrical insulation, adhesives, artificial leather, <ne¢ tn: 
like. It ray se compounded with netural rubber in certain proportions to é-v¢ 


— 


a curable nvcduct useful in steam hose, conveyor-belt covers, cable covsrinss, 


a 


and other preducts resistant to aging or chemical action. 


Isobutylene polymers are made in a Wide range of molecular weicuts ier 
use in clis and greases fcr increasing viscosity. 


Opnanol 

Type: Polymerizec isobutylene. 

otructure: Same es Vistanex. 

Manufacturer: I G. Farbenindustrie, G2rmany. 

Date announced: 19387. 

Discussion: Oppanol was developed by I. G. Farbenindustrie in cooveraii’ 
with Standard Oil Co. of N. J. and is the same as Vistanex, which is made In 
the United Statcs. For properties, uses, and discussion, sce Vistancx. 

Putyl Rubber 


Tyce: Copolymer of a butcne and a diolefin. 


4 


| 


tructure: {[ ~CHp=C(CHig)p-] y-CHp-CH-CH-CHp- | y. 
Manufacturer: Standard Oil Co. of New Jersey. 
Date announced: 1940. 


Method of synthcsis: Produced by low-temperature copolymerization ci 
isobutylene and a2 small amount of butadiene or cther Cciolcfin. | 


Present status of production: Annual production of 182,000 tons is 
planned under the present program of the War Froduction Board. 
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Raw materials: Isobutylene and butadiene or isoprene. 


Source of raw materials: Isobutvlene vrocured from petroleum by crack- 
ing. See also Eutadiene. Isoprene from petrolcum or turpentin:. 


Method of vulcanizing: Like natural rubber. Chemical unsaturation just 
sufficient for vulcanization. 


Method of processing and compounding: May be processed like natural 
rubber on conventional rubber machinery. No brea’zdown period is necessary. 
Its curing temperature is above 300° F. 


Discussion of properties and uses: Butyl rubber is outstanding in that it 
vosscsses only 1 or 2 percent of the evrilable unsaturation of natural rubber, 
vinich is just enough for vulcanizaticn. This lack of unsaturation gives butyl 
rubber unusual properties in aging resistance and in stability in the presence 
of ozone. It swells like natural rubber in petroleum and coal-tar solvents 
but does not swill in most vegetable and animal fats and oils. It is resistant 
to acids, including suifuric and nitric, has low water absorption, high heat 
resistance, and excellent flex resistance, and is highly impermeable to air 
end gases such as hydrogen, helium, and carbon dioxide. Its rebound is low 
at room temperature but high at hich temperatures. The general range of 
raolecular weight is between 40,000 and 80,000, and the specific gravity is 
0.91. It is colorless, odorless, and tasteless. Electric properties are said 
to be such as to make it outstanding for cable insulation. 


Butyl rubber is said to be satisfactory for inner tubes, as 
it holds air longer than does natural rubber and is considered 
superior to certain other synthetic rubbers for this purpose, although 
some difficulties have been experienced. So far, automobile tires made 
of butyl rubber have shown a life about 50 percent as long as that of 
naturai-rubber tires if used at a speed under 40 miles an hour. 
Besides its use in tires and tubes, it is recommended for use in fire 
and steam hose, molded goods, proofed goods, tank linings, conveyor 
belts, and in general replacement of natural rubber. 


Flexon 
Type: Copolymer of a butene and a diolefin. 
Structure: Similar to butyl rubber. 


Manufacturer: Standard Oil Co. of New Jersey. 
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Method cf synthesis: Frocuced by copolymerization of isobutylene and 
butadiene or other diolefin using dry ice in an open vessel. 


Present status of preduction: Still in the experimental stage. 
Raw materials and source: Same es butyl ribber. 
Method of vulcanizing and processing: Same as butyl rubber. 


Discussion of properties: Flexon is an inferior grade of butyl rubber 
produced at tne temperature of dry ice. In producing butyl rubber, a tempera- 
ture of -153° F. is used, whereas Flexon is made at a temperature of -1C3° F. 
Results are said to be nct too satisfactory as yet, cwing to a lack of uniformity 
in the product, but it is offsred as a rubber preducible by a quick method, 
which may be suitable for retreeds. 


Type: Organic nolysulfide. 


Structure: (-R-S-S-),, where R is an organic radicel such as (-CHo- Ho- 
| 


$8 


or (- CHp-CH-O-CHg-CHa), depending on alinhatic dihalide used. 


Manufacturer: Thiokol Corporation, Yardville, N. J. (Dow Chemical Co.) 
Date announced: 1962. 

Date first available references: 1932. 

Patent: U.S. 1€544z2e, Avril 19, 1932, Patrick. 

Present steins of mamifacture: Made in several grades and types. Annual! 


producticn ci 24,079 tons under present program; 60,000 tons recormmended 
by Baruch comir-iciee. 


Metnod of synthesis: Reaction between organic dihalide and aliali 
polysultide. 


Raw materials: Dependent on type. Ethylene dichloride and sodium 
tetrasuliide sive ‘Thiokol A; dichlorocthyl ether and sodium tetrasulfide give 
Thioxol B; etc. 
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source of raw material: The organic compounds, wnich may be obtained 
from petroleum products, are chlorinated by chlorine obtained from salt. 
The sulfides are made from sulfur and alkali. 


Method of processing and vulcanizing: Frocessed on regular rubber 
machinery by special metnods. Lacks tack and adaptability. Is frequently 
raixed with natural rubber. Reinforcing pigments and modifying agents are 
added, as with natural rubber. Vulcanizes with metallic oxides, sulfur being 
used as an accelerator. 


Discussion of properties, types, and uses: Thiokol has been made in 
several types and from several primary materials. A variety of products, 
some of which are rubberlike and some of which are not, can be made by 
varying the kind of polysulfide and hydrocarbon. Some of the products are 
used in the plastic industry and some 2s a rubber substitute. The rubberlike 
types are soft and plastic and can be worked on a rubber mill and reinforced 
and modified by the addition of compounding agents just as with natural rubber. 
They are particularly resistant to organic solvents. The ethylene polysulfides 
are virtually inert to all organic solvents, including benzol, toluol, xylol, 
carbon tetrachloride, lacquers and lacquer thinners, acetone, water, salt 
solutions, dilute phenol, sulfuric acid, hydrochloric acid, and acetic acid, 
whereas other types are resistant to petroleum but swell to varying degrees 
in certain chlorinated and aromatic hydrocarbons. They are not recommended 
for use with strong nitric or chromic acid nor for caustic soda or ammonia. 
They show excellent resistance to ozone, oxygen, and sunlight, but are low in 
tensile strength, heat resistance, and abrasion resistance. They burn slowly 
and have relatively poor electrical properties, but good enough for low- 
voltage insulation. They are not recommended for use at extreme temperatures 
as they harden at subzero temperatures and are subject to plastic flow at 
temperatures Slightly above atmospheric. ‘They are nontoxic but possess a 
disagreeable odor. They are highly impermeable and are apparently the most 
resistant of any of the synthetic rubbers to zasoline, benzene, and oil. 


Thiokol A, the first to be manufactured, is a reaction product 
of ethylene dichloride and sodium tetrasulfide. It is insoluble in all 
organic solvents and does not swell to any extent even in the most 
active solvents, but is attacked by strong oxidizing agents and alkalies. 
It is highly impermeable to liquids and gases. In general, the rubberlike 
properties do not equal natural rubber. Thiokol A is unaffected by 
ozone, sunlight, weathering, or natural aging, but hardens at low tem- 
peratures and is not recommended above 160° F. Its greatest use in 
the cable industry is as a noninsulating flexible jacket that offers pro- 
tection nearly equal to lead. It is also used on cables in contact with 
oil or solvents, on underground cables exposed to moisture and 
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corrosion, and to renlace iead where vibreticn is severe, as on 
bridges. It is also used in the preparation of sulfur-sand acid-resist- 
ing cement and for certain special jobs, such as mouldings, where 
extreme resistance to solvents is necessary. 


Type D, made from a different hydrocarbon, is similar to A 
but nas hizher physical properties and abrasion resistance, lower 
moisture resistance, less odor, and can be used over a wider ranze 
of termperatures (-40° to 212°F.). 


The latter type, F (end FA), is more rubberlike than its pre- 
decessors and combines the qualities of both A and D, is resistant 
to petroleum and other solvents, has a tensile strength up to 1,500 
pounds per square inch, high resilience, and abrasion resistance 
two thirds that of natural rubber. 


“ahiokol is not Suitable for tire treads, althougn a new type 
(N) is said to be suitable for recapping tires. In general, Thiokol 
may be used where nigh resilience, tensile strength, and resistance 
to heat are not important, but where good aring characteristics, 
resistance to ozone and Solvents, and fiexibility are required. It 
is used in tne automotive industry for coating paper gaskets, where 
it flows under heat and pressure into tool marks and imperfections 
to make a perfect oil seal. It is used, also, in the manufacture of 
easoline and paint-spray nose, printers’ blankets, rubber printing 
plates, and cable coverings. 

‘Thiokol R D 

Type: Not announced. Nota velysuifide rubber. 
otructure: ot given. 
Manufacturer: Thiokol Corporation, Trenton, N. J. 
Date announced: 1942. 
Date first available article: 1942. 


resent stetus of manufacture: Not stated. 


Raw materials: Not listed. 
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Method of vulcanizing: Much like natural rubber. Sulfur acts as 2 
vulcanizing egent. Does not cure to the hard-rubber state with sulfur. 


Frocessines: Much like natural rubber. Plasticized through use of 2 
piasticizer. Shows wide variation of properties according to method of 
com Counaine. 


Discussion of properties: In the only article available on Thiokol RD, 
tre following properties are listed: 

In the raw state it is a tough, resilient, amber-colored, soli:. 

DOs ris. 1208: 

Odor mild and not objectionable. 

Excellent resistance to gasoline, oil, and other solvents. Does 
not have all solvent-resistant properties of Thiokol FA. 

Hicn tensile strength, up to 3,000 pounds per square inch. 

Good abrasion resistance, comparable to natural rubber. 

Low compression set. 

Elongation at break, 400 percent. 

Good resistance to flex cracking. 

. Low permeability to air and gases. 
Good aging characteristics. 


mthanite 
Type: Creanic polysulfide. 
structure: See Thiokol. 
Date of first reference: 1934. 
Manufacturer: Belgian Cracking Co., Relgium. 


Method of synthesis: Polymerization of etnylene dichloride in the 
cresence of a sodium polysulfide solution. 


source of raw materials: Olefins in cracked gas are chlorinated to pro- 
tuce ethylene dichloride. 


Discussion of properties: Apparently like Thioxol. 
Perduren 
| Type: Organic polysulfide. 
3207 207 
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structure: See Thiokol. 
Date of first available reference: 1937. 
Manufacturer: I. G. Farbenindustrie, Germany. 


Method of synthesis: Reaction product of dichloroethyl ether or 
di (chloroethyl) formaldehyde acetal with sodium tetrasulfide. 


source of raw material: No reference. 

Methods cf processing: Lixe Thiokol. Sometimes mixed with Perbun2n. 

Discussion of properties: From scant available references it appears 
thet the types of Perduren have properties in common with the American- 
made Thiokols. 

Thionite and Tnionoc 

Type: Organic polysulfide. 

Discussion: The only available reference to Thionite was the paper by 
Wood (see bibliography), which listed an article not available to the writer. 
Wood states that Thionite is a Japanese product obtained from the reaction ci 
ethylene digi:coside with sodium tetrasulfide. Thionoc A is referred tc in 
the abstract of a Japanese article as a nolysulfide rubber, presumably -1ace in 
Japan. : 

Vulceplas 

Tyne: Organic polysulfide. 


structure: See Thiokol. 


Date of first available reference: 1940 (refers to British patent 453,€50, 
issued Sept. 18, 1986.) 


Manufacturer: Imperial Chemical Industries, England. No references 
available as to status of manufacture. 


Method of synthesis: Reaction product of glycerol dichloro- (er dibromo-. 
hydrin with ammecnium or alkali di- or polysulfide. 
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Source of raw materials: No reference. 
Methods of processing and vulcanizing: Like Thiokol. 


Discussion of properties: Very few references were found dealing with 


Vulcaplas by name. However, such references as are available indicate that 
the properties of Vulcaplas are common with Thiokols and include complete 
immunity to swelling in rubber solvents, lower tensile strenzth and less 
rubberlike character than other synthetic rubbers, strong objectionable odor, 


and 


cold flow or thermoplesticity. 
Korosecl and Korogel 

Type: Plasticized polymerized vinyl chloride. 

Structure: [-CH Cl-CHo-] ,. 

Manufacturer: B. F. Gocedricn Co. 

Date announced: 1985. 

Raw materials: Vinyl chioride and plasticizer. 

Method of vulcanizing: Not vulcanizeable. 


o° 


Method of processing: Flasticized with eny of a number of plasticizers 


according to qualities desired. Processed on standard rubber processing 
cquipment. May be milled, molded, extruded, calendered, or coated on fabric 
or pever, and solutions may be applicd by spreading, dipping, or printing. 


to a 
rubb 


Discussion of properties and uses: The term “‘Koroseal’’ is said to refer 
broad class of compositions having properties varying from those of hard 
er to those of a jellied cement. Korogsl is highly plasticized Koroseal, 


and Korolac is a solution of Koroseal in specially sclected solvents. 
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The physical and chemical properties of Koroseal may be 
veried over a wide range by the choice of plasticizer. With proper 
plasticizcr it can be made transparent. The tensile strength is 
varied from 1,000 to 9,000 pounds per squere inch; elongation may 
be varied frorn 2 to 500 percent; flexing life, if used alone, is ten 
times that of natural rubber; tearing strength is equal to or slightly 
exceedg thit of the best rubber compounds; and at atraospheric tem- 
perature resistance to abrasion is better than that of rubbcr. How- 
ever, Koroscel is unsuitable for the manufacture of automcbile tires, 
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as it undergoes plastic flow at high t2mperatures. Its impact strength 
and volume compressibility cre similer to those of natural rucber, 
and compression s¢t is in general greater than that of rubber. 


The harder types of Koroseal are resistant to virtually all 
matcricls except org2nic compounds containing the nitro or chlorine 
eroups, aliphatic or aromatic ketones, aromatic amino compounds, 
lacquer solvents, or acetic anhydride. In addition, the plasticizer 
of the soiter gredes mey be partly extracted by ccrtain oils, gasoline, 
or benzene. Koroseal is resistant to corrosive chcmicals, acids, 
alkalios, and water; it is not affected by sunlight, aging, oxygen, cor: 
ozone, and is very supericr to rubber in resistance to gas diffusion. 
It can be made odorless, is tasteless, and nontoxic with proper 
choice of plasticizer. 


Koroseal is uséd in the manufacture of process equipment for 
enemical and eliied industries, in pipe-line coiting materials, 
balloon cloth, chemical tubing, vacuura and gas materials, electrical 
insulation, protective paints, belting, gaskets and packing, clothing 
and waterproof cloth such 4s wrips and shower curtains, upholstery, 
and for special uses in the cable and textile industries. 


| Korogel, a highly plasticized form of Koroseal, is especially 
useful as a matrix material for plester of Paris, portland cement, 
and csramies molding. 
Flamenol 
Type: Plasticized polymerized vinyl chloride. 
Structure: [-CH Cl-CHo-| x. 
| Manufacturer: General Electric Co. 

Date of first reference: 19387. 

Discussion: Flamenol is described as a synthetic compound resembling 
rubber, which serves both as an insulation and a finish for wire and cable. 
Its properties are said to include high dielectric strength, toughness, streng"', 


stability in sunlight and oxygen, stability to ozone and oxidizing chemicals 
and to oils, solvents, acids, and alkalies, and resistance to flame and moistur: 
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Agrivol 
Type: A chemurgic vroduct made from soybean oil. Insufficient infor- 
mation available for classification. 


NM.anufacturer: Reichhold Chemicals, Inc., Detroit, Mich. 
Date announced: November 30, 1942. 


Present status of manufacture: 125 tons a month, to be increased to 
1,000 tons a month by February 1948. Contemplated annual producticn of 
29,000 tons in 1948. | 


Method of synthesis: Polymerization of fatty acids and ethylene glycol. 


Raw materials and source: Fatty acids extracted from soybean oil. 
Ethylene glycol imade oy dehydration of ethyl alcohol. 


Method cf vulcanizing: About the same as for natural rubber. 


Method of processing: Can be worked and formed in existing rubber 
equipment and compounded with customary fillers used with natural rubber. 


Discussion: Agripol was announced iate in 1942 as being a product 
inferior to natural rubber in tensile stren¢th and resistance to severe abrasion. 
Hence, it is not claimed to be suitable for tires but is expected to prove useful 
in the field of static rubber, where tensile strength and elongation are not 
essential. It is said to be equivalent to natural rubber in flexibility at low 
temperatures and superior to natural rubber in aging and resistance to 
oxidation. Suggested uses for Agripol are in gaskets for food containers, 
industrial gaskets, belting, insulating mats, hose linings, and the like, as 
well as in numerous gadgets and parts for military supplies and equipment. 
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